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Question 1 /9 marks/ 


Which of the following statements are true in parts (i) and (ii) below? 


(i) Let P(A|B) and P(B|A) be the conditional probabilities of the events A, B 
and P(A), P(B) the probabilities of A and B respectively. 

P(BIA)P(A) 
P(B) 

(b) P(A|B) = P(B|A) if A and B are independent. 

(c) P(A|B) = P(A) if A and B are independent. 


(a) P(A|B) = if P(B) £0. 


(ii) Suppose f is continuous on [—1,1] andO< f <1. 


(a) The definite integral f f(x)dx equals the area bounded by the graph 


and the x-axis, between + = —1 and x = 1. 
(b) The function F(x) = f*, f(t)dt is a primitive of f, such that F(—1) = 
=1, 


(c) The definite integral Hts f(x)dx is not bigger than 2. 


(iii) Suppose the function T(t) expresses some temperature-dependence on time 
(measured in minutes). What formula gives the average temperature between 
9am and 9:30am? 


T(30) + T(0) 
) 


Question 2 /12 marks/ 


(a) Sketch the graph of x? + 2x — 1 between x = —3 and x = 1. Choose an 


appropriate scale. 


(b) Evaluate the smallest (lower) and largest (upper) Riemann sums for this 
function using a partition into two subintervals with x7) = —3, 7; = —2 and 
XZ = 1. Include a sketch representing these Riemann sums in the picture of 
the sketched graph from (a). 
1 


(c) Calculate (x? + 22 — 1) dx. How does the value of this integral compare 


3 
with the Riemann sums from (b)? 
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Question 3 /12 marks] 


Evaluate the following integrals 


2 da 


Of We 


1 

0) | am de 
sin © 

(c) hy + cos? x a 


ev 
d ————_ d 
@) [Su 
Question 4 /10 marks/ 


(a) Evaluate | x? cos(x) dx. 
0 
d 
(b) Evaluate i = using a decomposition into partial fractions. 
=f 


Question 5 /9 marks] 


(a) Compute the area bounded by the graph of y = 2” and the x-axis between 


x=Oand x =2. 


(b) Compute the volume of the solid of revolution of the region in (a) rotated 


about the x-axis. 


(c) Compute the volume of the solid of revolution of the region in (a) rotated 


about the y-axis. 


Question 6 /9 marks] 


1 
(a) Use limits to evaluate the improper integral | ge da 
0 


(b) Give the formula in © - notation for the power series expansion of mere What 


is the interval of convergence of this series? 


(c) Use part (b) and the method of term-by-term integration to compute the 


MacLaurin series expansion of tan~!(x). Give your answer in -notation. 


3 
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Question 7 /9 marks] 


(a) A census shows that the probability of having asthma is 0.24, of being left- 
handed is 0.11 and of being both asthmatic and left-handed is 0.027. Are 


asthma and left-handedness independent events? 


(b) Applicants for the foreign service have to undergo a test for haemophilia. 
Only 0.25% of the applicants are likely to have the condition. The reliability 
of the test is 97.5%, i.e. the probability of showing a positive/negative result 
if the applicant carries/does not carry the gene is 97.5%. Compute the condi- 
tional probability of a person carrying haemophilia subject to the condition 


that the test was positive. 


Question 8 /10 marks] 


Let X be a continuous random variable with the probability density function 


(a) Find the probability that X is greater than or equal to V2 i.e. P(X > V2). 


(b) Show by integration that the expectation E(X) = V2. 


Question 9 /10 marks] 


d 
(a) Solve the differential equation = + t?(a — 2) = 0 with initial condition 
8) eal 
(b) A radioactive isotope has a half-life of 2 hours. Use this information to 


d 
determine the decay coefficient k in the equation a = ky. If 4 kilograms of 
the isotope are present at the time t = 0, express the amount y as a function 


of t > 0. You need not give units of measurement in your answer. 


(c) What is the probabilistic interpretation of the decay constant k? In your 


answer define any random variable associated with this interpretation. 


Question 10 is on page 5 
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Question 10 /10 marks] 
(a) Find the general solution of the differential equation 
y+ 2y' + 2y = 0 
(b) A simple electric circuit stores charge Q(t) which is governed by the equation 


Q" +2Q! + 2Q —e? 


Verify that a particular solution has the form Q(t) = Ae, solving for “A” 
by Undetermined Coefficients. Thus write down the general formula for the 


solution of this equation. 
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Writing your name and number on the front will help us confirm that your paper | 
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